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INDEX  OF  HAZARD 


The  index  of  Hazard  is  a  numerical  rating  of  the  relative  danger,  to  the 
public,  incidental  to  the  existence  and  use  of  each  grade  crossing.   It  is  de- 
signed to  indicate  the  need  for  the  installation  of  protective  devices,  if  none 
exist,  and  only  partially  the  desirability  of  a  grade  separation  structure. 

The  method  evolved  for  computing  the  Index  of  Hazard  is  based  on  the  as- 
sumption that  the  hazard  to  the  public  at  any  railroad  crossing  is  first,  a  func- 
tion of  the  volumes  of  vehicular  and  train  traffic,  and  second,  arises  from  the 
nature  of  train  movements  over  the  crossing  and  from  the  physical  conditions  ex- 
isting there.  A  description  of  the  value  and  treatment  of  each  element  in  the 
formula  follows. 

In  order  to  establish  a  maximum  and  minimum  value  for  the  Index  of  Hazard 
the  three  parts  of  the  formula  were  each  assigned  a  value  of  ten.  This  means 
vehicular  traffic  weighted  as  ten,  train  traffic  as  10,  and  the  physical  fac- 
tors at  10.  The  maximum  total  obtainable  is  thus  10  x  10  x  10  =  1000,  and  the 
minimum  as  1x1x1=1. 

VOLUME  OF  VEHICULAR  AND  RIILROAD  TRAFFIC. 

When  assigning  weights  to  the  various  traffic  volumes,  it  did  not  appear 
desirable  to  use  a  strict  progression,  but  rather  to  give  greater  weight  to  the 
lower  volumes  of  tsaffic.  A  motorist  traveling  a  highway  carrying  a  large  vol- 
ume of  traffic  is  very  often  warned  or  stopped  by  the  actions  of  the  car  ahead, 
even  though  he  fails  to  see  the  approaching  train  or  warning  signal  himself. 
Also,  on  a  highway  carrying  comparatively  little  traffic,  there  is  a  tendency 
for  the  driver  to  use  less  care  and  travel  at  a  higher  rate  of  speed  than  on 
a  highway  carrying  more  traffic.   It  is  also  likely  that  a  motorist  familiar 
with  local  conditions  will  approach  a  crossing  carrying  heavy  volumes  of  rail- 
road traffic  with  more  care  than  one  having  light  traffic.  With  these  thoughts 
in  mind,  the  factors  were  arranged  to  give  relatively  more  weight  to  the  smaller 
volumes  of  traffic. 

PHYSICAL  CONDITIONS. 

The  hazard  to  the  motorist  arising  from  physical  conditions  at  the  cros- 
sing is  considered  to  be  comprised  of  eleven  factors,  denoted  by  F]_,  F2,  etc. 

While  the  factor  F]_  representing  train  movements  is  not  dependent  upon 
the  physical  conditions  at  the  crossing,  it  is  included  here  for  convenience 
of  discussion  and  treatment. 

FACTOR  F]_ 


The  factor  F]_  represents  the  danger  resulting  from  the  probability  of  a 
train  and  a  vehicle  arriving  at  the  crossing  at  the  same  time.  If  all  drivers 
were  always  mentally  and  physically  capable,  alert  and  sober,  good  judges  of  dis- 
tance and  speed  and  inclined  to  pay  attention  to  the  road  ahead,  and  all  vehicles 
were  in  good  mechanical  condition,  this  factor  could  be  ignored.  However,  a 
study  of  accident  reports  shows  this  factor  to  be  one  of  the  most  important  caus- 
es of  accidents. 
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The  various  types  of  train  movements  and  their  operating  speeds  have 
been  tabulated  and  a  weight  assigned  to  each  division  selected.  Electric 
operated  trains  were  given  a  slightly  higher  hazard  rating  than  steam  operated 
as  it  was  thought  this  type  of  train  is  the  more  hazardous  due  to  several  fact- 
ors: first,  there  is  no  plume  of  smoke  or  steam  given  off  which  often  serves 
as  a  warning  signal;  second,  the  average  electric  train,  whether  freight  or 
passenger,  does  not  make  as  much  noise  when  running  and,  third,  the  electric 
engines  accelerate  faster  than  steam. 

FACTOR  F2 


This  factor  represants  the  hazard  arising  from  restrictions  to  a  clear 
view  of  an  approaching  train.  The  method  of  evaluating  this  hazard  presumes: 
first,  that  the  desirable  clear  view  of  the  track  is  directly  proportioned  to 
the  speed  of  the  fastest  train  operating  on  the  track  and,  second,  the  satis- 
factory distance  from  the  crossing  along  the  highway  from  which  the  desirable 
clear  view  of  the  track  is  first  obtained  is  proportioned  to  the  distance  re- 
quired to  stop  a  vehicle  operated  at  the  maximum  normal  speed  for  the  high- 
way or  street.  The  maximum  normal  speeds  used  in  this  report  are  55  mph  on 
paved  trunk  highways  outside  city  limits  and  25  mph  inside  the  city. 

The  necessary  clear  sight  distance  along  the  track  has  been  selected 
as  10  seconds  running  time  for  the  fastest  train  operating  over  the  crossing. 
T?ble  1  shows  the  distance  traveled  in  10  seconds  corresponding  to  speeds 
from  5  to  85  mph. 

The  maximum  train  speed  being  known,  the  distance  the  train  travels  in 
10  seconds  is  taken  from  Table  1  and  is  then  marked  off  along  the  track  on  a 
sketch  or  map  of  the  crossing.  The  sight  lines  are  then  drawn  from  the  points 
on  the  track  past  the  obstruction  to  the  highway  for  each  quadrant.  This  is  il- 
lustrated on  Figure  1.  The  train  speed  is  30  mph  and,  referring  to  T^ble  1, 
the  distance  traveled  in  10  seconds  is  found  to  be  440  feet.  This  distance  is 
laid  off  along  the  track  in  each  direction  and  the  sight  lines  are  drawn.  The 
intersection  of  the  sight  lines  with  the  highway  determines  the  points  at  which 
the  motorist  will  have  his  first  clear  view  of  the  track  throughout  the  distance 
of  necessary  clear  view.  The  distance  along  the  highway  from  the  intersection 
with  the  sight  line  is  the  "Highway  Sight  Distance"  for  the  particular  quadrant. 

This  is  287  feet  for  quadrant  1  and  239  feet  for  quadrant  2  in  the  illus- 
tration. 

Table  1.  Distance  Traveled  in  10  Seconds 

for  Various  Speeds. 


Distance  Traveled  Distance  Traveled 

MPH in  10  Seconds MPH in  10  Seconds 

45  660 

50  734 

10               H7                  55  807 

15               220                  60  880 

20               293                  65  954 

25               367                  70  1027 

30               44.0                  75  1100 

35               513                  80  1173 

40               660                  85  1247 
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Then,  referring  to  the  graph  on  Figure  2,  the  "Highway  Sight  Distance" 
is  located  on  the  lower  edge  of  the  chart.  Proceed  vertically  to  the  intersec- 
tion with  the  diagonal  line  representing  the  highway  speed.  The  figure  opposite 
this  point  on  the  left  edge  of  the  diagram  is  the  time  in  seconds  in  which  the 
driver  must  stop  his  car.  Then  proceed  horizontally  to  the  right  to  the  inter- 
section with  the  broken  line  for  the  vehicular  speed.  The  figure  most  direct- 
ly above  this  point  is  the  factor  representing  the  sight  distance  fo±  the  quad- 
rant. For  example,  the  highway  sight  as  determined  for  quadrant  1  on  Figure  1 
is  287  feet.  It  is  necessary  to  reduce  the  highway  sight  distance  by  15  feet 
to  provide  safe  clearance  at  the  crossing.  Thus  the  287  feet  is  decreased  by 
15  feet  leaving  an  adjusted  sight  distance  of  272  feet.  Proceeding  vertically 
from  the  point  representing  272  feet  on  the  lower  edge  of  the  graph  to  the  in- 
tersection with  the  solid  line  marked  4-0  mph  (the  assumed  highway  speed)  it  is 
found  by  moving  horizontally  to  the  left  edge  that  the  motorist  has  about  4-6 
seconds  to  stop  his  car.  Thence,  moving  along  the  time  line  to  the  intersection 
with  the  broken  line  marked  40  mph,  we  find  the  factormost  nearly  above  this 
point  to  be  0.4-.  This  is  the  sight  distance  factor  for  quadrant  1  on  Figure  1 
for  a  train  speed  of  30  mph  and  a  highway  speed  of  40  mph. 

It  will  be  seen  that,  in  the  use  of  the  Chart  on  Figure  2,  the  travel 
time  does  not  enter  directly  into  the  determination  of  the  factor,  but  is  used 
in  the  preparation  of  the  chart.  The  factor  may  be  found  by  proceeding  vertical- 
ly from  the  "Highway  Sight  Distance"  at  the  bottom  of  the  chart  to  the  solid  line, 
thence  to  the  right  to  the  broken  line,  representing  the  vehicular  speed,  thence 
vertically  to  the  factor. 

The  solid  diagonal  lines  on  the  graph  are  obtained  by  plotting  distances 
traveled  in  feet  as  abscissa  against  time  in  seconds  as  ordinates  for  the  re- 
spective speeds. 

The  broken  lines  are  designed  to  incorpoaate  the  distance  that  a  vehicle 
travels  while  stopping  as  a  factor  in  the  effective  sight  distance.  The  minimum 
stopping  distances  based  on  studies  by  the  State  Board  of  Public  Roads  of  Rhode 
Island,  for  a  car  equipped  with  effective  four-wheel  brakes  on  a  dry,  hard, 
level  highway,  free  from  loose  material  are  listed  below  in  Table  2.  The  re- 
action time,  that  is  the  time  that  elapses  between  the  time  the  driver  perceives 
the  necessity  for  stopping  and  starts  to  apply  his  brakes,  is  taken  as  3/4  second. 
The  distance  traveled  during  the  reaction  time  and  the  total  stopping  distance 
are  also  listed  in  Table  2.  As  the  minimum  total  stopping  distance  allows  no 
factor  of  safety,  the  lines  are  arranged  so  that  the  maximum  factor  of  0.5  is 
assigned  for  the  quadrant  unless  more  than  twice  this  minimum  distance  is  avail- 
able for  the  motorist  to  stop  his  car.  A  factor  of  zero  is  given  if  the  avail- 
able stopping  distance  is  at  least  four  times  the  minimum  stopping  distance. 
If  the  available  distance  is  between  twice  and  four  times  the  minimum  stopping 
distance,  factors  between  0  and  0.5  will  be  obtained. 

Table  2.     Stopping  Distances  in  Feet  for  Various  Vehicle  Speeds. 

Min.  Stopping  Distance      Reaction  Dis-  _   Stopping  Dis-:  2  D  :  4  D 

MPH  ; in  feet tance  Feet tance  Feet   ;Feet  ;  Feet 

11.0 
22.0 
27.5 
33.0 
44.0 
55.0 
66.0 
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10 

4.4 

20 

17.6 

25 

28.7 

30 

39.8 

40 

70.7 

50 

110.2 

60 

159.7 

15. A 

31 

62 

39.6 

79 

158 

56.2 

112 

224 

72.8 

H5 

290 

114.7 

229 

458 

165.2 

330 

660 

225.7 

451 

902 

It  is  thought  reasonable  to  assign  the  maximum  factor  for  available 
stopping  distances  of  not  more  than  twice  the  minimum  as  described  above,  as 
both  reaction  time  and  braking  distances  are  taken  from  records  of  tests  ihat 
were  probably  made  under  somewhat  better  conditions  than  those  under  which 
the  motorist  may  be  required  to  stop  his  car.  The  factor  of  safety  of  four 
for  the  poitt  at  which  the  restriction  of  clear  view  ceases  to  be  hazardous  ap- 
pears reasonable  from  these  tests. 

The  method  as  outlined  appears  somewhat  complicated,  but  it  is  describ- 
ed in  detail  to  illustrate  the  theory  involved.   In  the  practical  application 
of  the  method  it  is  simpler  and  quicker  to  obtain  the  factors  from  a  numerical 
table  which  is  shown  in  Table  3.  The  figures  in  Table  3  are  adjusted  to  include 
fifteen  feet  clearance  at  the  crossing  so  the  Highway  Sight  Distance  may  be  used 
without  adjustment. 


Table  3. 

Sn 

■ght 

Distance 

Facti 

Drs  for  various 
Distance. 

highway 

speeds 

and 

Sight 

Highway 
mph 

spe- 

8d 

Sight 

Distance  Factor 

10 

15 
20 
25 
30 
35 
40 
45 
50 
55 
60 


Z-0. 


0.1 


0.2 


0.3    0.4 


Oii. 


77 

70 

64 

58 

52 

46 

121 

110 

100 

89 

79 

68 

174 

159 

143 

127 

111 

95 

236 

214 

192 

170 

148 

126 

307 

278 

249 

219 

190 

161 

387 

350 

312 

275 

238 

201 

475 

429 

383 

337 

291 

245 

573 

517 

461 

406 

350 

294 

679 

613 

546 

480 

413 

347 

794 

717 

639 

561 

m 

405 

918 

828 

738 

648 

557 

467 

FACTOR  F3 

This  factor  represents  the  hazard  incidental  toinconvenient  angles  of 
vision.  The  angle  of  vision  is  the  angle  between  the  sight  lines  and  the  high- 
way surface  as  shown  on  Figure  1.   If  the  motorist  can  see  an  approaching  train 
within  his  normal  field  of  vision,  that  is,  without  consciously  turning  his  head, 
the  angle  of  vision  is  not  considered  to  be  hazardous.  The  normal  field  of 
vision  is  assumed  to  be  a  sector  with  a  central  angle  of  60°  or  a  deviation  of 
30°  right  and  left  from  the  center  line.  For  angles  of  vision  greater  than  those 
within  the  normal  field  progressive  weights  are  assigned. 
FACTOR  F^ 

This  factor  considers  the  danger  arising  from  the  presence  of  the  rail- 
road tracks  at  the  crossing.  The  use  of  multiple  tracks  increases  the  hazard. 
When  there  is  more  than  one  track  at  a  crossing,  there  is  a  possibility  that 
standing  cars  may  obstruct  themotorist1 s  view  of  an  approaching  train.  Also, 
the  driver's  attention  may  be  deviated  to  a  standing  or  switching  train  and  away 
from  a  train  approaching  the  crossing.  The  double  main  line  is  considered  the 
most  hazardous  as  its  very  existence  indicates  the  possibility  of  two  moving 
trains  at  the  crossing  at  the  same  time.  The  main  and  one  passing  track  is  con- 
sidered less  dangerous  as  the  speed  on  the  passing  track  is  usually  low  and  it 
is  used  less  frequently  than  the  main  line.  A  single  main  line  track  is  consider- 
ed less  dangerous  than  one  main  and  one  passing  track,  and  is  given  less  weight. 
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Industry  and  stoaage  tracks  are  given  smaller  weight  than  a  single  main  line  as 
ordinarily  train  movements  on  them  are  slow  and  infrequent. 

FACTOR  F5 

This  factor  is  a  consideration  of  the  hazard  present  because  of  the 
alignment  of  the  highway  approach. 

A  tangent  on  both  sides  of  the  track  allows  the  motorist  to  approach 
the  crossing  at  any  rate  of  speed  he  may  desire.  Curves  on  the  approach 
force  him  to  slow  down  to  avoid  over-running.  Since  his  car  is  approaching 
slower,  the  driver  can,  of  course,  stop  quicker  than  if  he  were  traveling  on 
a  tangent  at  a  higher  rate  of  speed. 

While  it  is  true  that  curves  on  the  approach  may  tend  to  distract  the 
driver's  attention  from  an  approaching  train  to  the  highway,  it  is  believed 
that  this  more  than  offsets  the  reduction  in  speed.  With  this  in  mind,  the 
greater  weights  were  assigned  to  tangents  and  easy  curves,  the  weight  decreas- 
ing as  severity  of  the  curves  increases. 

Some  thought  was  given  to  the  condition  of  highway  approaches,  that  is, 
whether  smooth  or  rough,  etc.  It  was  decided  that  the  condition  depended  en- 
tirely on  road  maintenance  and  could  be  changed  at  any  time  and,  therefore, 
should  not  be  considered  in  a  study  of  this  type. 

FACTOR  Fa 


The  Factor  F^  represents  the  hazard  presented  by  intersecting  streets 
within  50  feet  of  the  crossing.  The  same  conditions  discussed  under  factor 
Fc  are  to  a  certain  extent  presented  by  streets  intersecting  the  highway  close 
to  the  crossing. 

Heavy  uncontrolled  traffic,  while  tending  to  distract  the  motorist's 
attention  from  the  railroad,  will  be  offset  by  showing  the  speed  of  his  vehicle 
thus  increasing  the  minimum  stopping  distance  and  thereby  reducing  the  probabil- 
ity of  an  accident  at  the  crossing. 

Intersecting  streets  carrying  various  amounts  of  traffic,  but  having  no 
traffic  control,  are  believed  to  be  less  hazardous  in  direct  proportion  to  the 
amount  of  traffic  carried.  That  is,  the  larger  the  flow  of  cross  traffic,  the 
£ower  the  motorist  must  travel. 

An  intersecting  street,  having  traffic  coitrol,  is  believed  to  present 
a  greater  hazard  than  a  street  having  no  control.  This  is  explained  in  two  ways, 
First,  the  motorist  on  the  highway,  knowing  he  has  the  right  of  way,  will  speed 
through  the  intersection  and  thus  come  to  the  crossing  at  a  higher  rate  of  speed 
than  if  he  were  forced  to  travel  slower  to  avoid  interfering  with  heavy  cross 
traffic.   Second,  if  the  motorist  on  the  highway  is  stopped  by  a  traffic  light, 
on  being  released  he  speeds  across  the  intersection  and  onto  the  crossing,  build- 
ing up  his  speed  as  fast  as  possible.   If  no  intersecting  streets  are  present, 
within  the  limit  specified,  it  is  believed  to  be  safer  than  if  such  streets  do 
exist.  There  is  no  distractionof  the  motorist's  attention  and  he  is  free  to 
watch  the  railroad  for  approaching  trains  and  govern  his  speed  accordingly. 
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The  weights  assigned  to  the  various  parts  of  Factor  F^  were  thus  set 
with  the  contention  that  approaching  speed  at  a  crossing  creates  a  greater  hazard 
than  distraction  of  attention  by  other  vehicular  types. 

FACTOR  F7 

This  factor  is  indicative  of  the  hazard  presented  by  sun  glare  at  the  cros- 
sing. The  average  motorist  approaching  a  crossing  looks  up  and  down  the  track 
to  check  train  movements;  if  he  is  blinded  by  sun  glare,  he  cannot  see  an  approach- 
ing train.  During  the  greater  part  of  the  day,  sun  glare  will  not  be  present 
and,  therefore,  will  not  be  a  hazard.  However,  in  the  early  morning,  and  more 
especially  about  sunset  when  traffic  is  usually  heavy,  this  glare  is  present  and, 
therefore,  should  be  considered  a  definite  danger. 

FACTOR  Fg 

Factor  Fg  is  based  on  the  fact  that  vehicles  ascending  a  grade  to  a  cros- 
sing must  travel  slower  than  vehicles  descending  an  equal  grade.   Also,  the  driv- 
er has  more  control  over  his  car  when  pulling  up  a  hill  than  he  has  when  rolling 
down. 

When  approaching  roads  are  wet  or  icy,  a  car  going  down  hill  will  have  a 
tendency  to  skid  or  slide  into  the  crossing  even  though  the  brakes  are  set  and 
the  wheels  have  stopped  turning. 

FACTOR  Fo. 


The  hazard  represented  by  Factor  Fo  could  well  be  termed  more  of  a  highway 
danger  than  a  crossing  hazard.  It  is  to  be  used  only  when  the  top  of  the  rails 
on  the  crossing  are  too  high  for  a  motorist  to  see  any  vehicle  approaching  from 
the  opposite  side.  If  a  motorist  cannot  see  the  opposite  crossing  approach, 
he  may  be  forced  to  stop  his  vehicle  on  the  crossing  to  avoid  collision  with  the 
other  car. 


FACTOR  F 


10 


This  factor  F^q  represents  the  hazard  incidental  to  width  of  crossing.  A 
narrow  crossing  might  be  called  more  of  a  mental  than  actual  hazard.  However,  a 
narrow  crossing  tends  to  distract  a  motorist's  attention  from  the  tracks  and  focus 
it  on  the  crossing.  This  condition  might  also  slow  the  speed  of  a  vehicle  and 
thus  balance  the  hazard,  but  there  is  another  item  to  consider.  Even  though  the 
motorist  may  be  approaching  the  crossing  under  restricted  speed,  he  may  miss  one 
end  of  a  narrow  crossing  and  drop  his  car  wheels  between  the  rails  and  stall  in  the 
path  of  an  approaching  train. 

FACTOR  Fu 


Factor  F-ji  represents  the  hazard  incidental  to  a  variety  of  special  condi- 
tions that  may  divert  a  motorist's  attention  from  an  approaching  train  and  still 
not  slow  the  speed  of  his  vehicle.  Included  here  are  such  items  as  scenic  or  other 
attractions,  switching  trains  on  nearby  tracks  that  do  not  cross  the  road,  heavy 
numbers  of  pedestrians  on  the  highway,  etc. 

The  calculation  of  the  Index  of  Hazard  as  outlined  above  produces  an  in- 
dication of  the  probability  of  accidents,  but  does  not  consider  the  probable 
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severity  of  those  accidents.  Therefore,  the  inclusion  of  a  supplementary  factor 
to  represent  the  seriousness  of  these  accidents  is  thought  advisable. 

It  is  impossible  to  devise  any  accurate  method  of  determining  the  probable 
percentage  of  fatalities  among  accidents,  but  it  is  thought  that  any  reasonable 
measure  of  this  will  be  of  considerable  value  if  used  in  conjunction  with  the 
Index  of  Hazard  in  selecting  sites  for  crossing  protection. 

The  product  of  the  Index  of  Hazard  and  the  "Accident  Severity  Factor, 
FA",  is  thought  to  be  a  reasonable  indication  of  the  probable  loss  to  society, 
incident  to  the  existence  and  use  of  an  unprotected  grade  crossing. 

Present  protection  existing  at  the  crossing  is  not  considered  in  the 
computation  of  the  Index  of  Hazard.  The  method  is  designed  to  indicate  the 
relative  need  for  protective  devices  so  that  a  tabulation  of  the  three  factors  - 
Index  of  Hazard,  Probable  Severity  of  Accident  and  Existing  Protective  Devices 
for  each  crossing  will  indicate  which  crossings  need  protection  or  additional 
protection.  ....  i\jp. 


No  consideration  has  been  given  to  accidents  because  they  have  been  so 
few  at  most  crossings  that  they  appear  to  be  distributed  by  chance  rather  than 
according  to  the  hazard  existing  at  the  crossing.  ~~*m**»*«~-' 

HUIIII  I ■ 


.  ::vr 


The  weights  assigned  the  various  factors  and  the  method  of  computing 
the  index  and  the  probable  severity  of  accident  numbers  is  described  in  Part  II< 
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INDSX  OF  HAZARD  FACTORS 
The  index  of  hazard  is  computed  from  the  following  equation: 
1  H  =  V  x  T  (F  /  F-/  F  /  F  /  F  /  F  /  F  /  F  /  F  /  F  /  F) 

123^56789    10    11 

The  first  step  is  to  ascertain  the  factor  V  representing  the  volume  of  vehicular 
traffic,  this  is  obtained  from  Table  1.: 

Table  I.  Factor  for  volume  of  Vehicluar  Traffic 


Factor  V  Average  Number  of  Vehicles  (24  hr.  Av.) 


1  1  to  50 

2  51  to  125 

3  126  to  300 

4  301  to  625 

5  626  to  1100 

6  1101  to  1700 

7  1701  to  2500 

8  2501  to  3600 

9  3601  to  5000 
10  5001  or  more 

This  factor  V  has  a  maximum  weight  of  10.0 

The  factor  T,  representing  the  volume  of  railroad  traffic  is  obtained  from 
Table  II.: 

Table  II.  Factor  for  Volume  of  Railroad  Traffic 


Factor  T  Number  of  Trains  (24  hr.  Av.) 


1  1  or  2 

2  3  to  5 

3  6  to  9 

4  10  to  15 

5  16  to  ZUr 

6  25  to  35 

7  36  to  48 

8  49  to  63 

9  64  to  80 
10  over  80 


This  factor  T  has  a  maximum  weight  of  10.0 
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The  factor  F2  is  indicative  of  the  inherent  hazard  present  at  any  crossing  be- 
cause of  the  various  types  of  train  movements. 

The  weights  for  this  factor  are  fixed  as  follows: 

Electric  interurbsn  trains  operating  at  25  mph  or  less  0.5 

n        11       n       11    .1  25  ■  "  more  1.0 

Steam  passenger  trains  operating  at  25  mph  or  less  1.0 

Electric  "      ■      ■      ■  25  "   "  "  2.0 

Steam  freight  trains  operating  at  25  mph  or  less  2.0 

Electric  "     "      "      "  25  mph  or'  less  2.0 

Steam  passenger  trains  operating  at  25  -  4-5  mph  2.0 

Electric  freight  trains  operating  over  25  mph  3.0 

Steam      "      "      n      ■   25  mph  3.0 

Steam  passenger  trains  operating  at  46  -  65  mph  3.0 

Electric   "      ■       "    ■  46  -  65  "  4.0 

All  trains  operating  over  65  mph  4.0 

Maximum  weight  for  this  factor  is  4-0 

If  several  different  types  of  train  movements  occur  over  the  same  crossing,  the 
weight  will  be  on  an  adjusted  average  of  the  weights  of  the  various  types  of 
train  movements:  the  relative  volume  of  each  being  considered.  For  example, 
a  crossing  has  4  steam  freight  trains  operating  at  35  mph,  2  steam  passenger 
trains  operating  at  60  mph,  and  2  electric  passenger  trains  operating  at  60 
mph.  The  adjusted  weight  for  factor  F-^  would  be:  ^r 

Fl=  (4  +  2)  +  (2  *   3)  +  (2+  4)  =  2&2) 
4  +  2  +  2 
Factor  F2  is  the  sight  distance  factor  representing  the  danger  incidental  to  re- 
stricted vision. 

To  obtain  the  sight  distance  factor,  first  obtain  from  Table  III.  the  distance 
that  the  fastest  train  operating  over  the  crossing  will  travel  in  10  seconds. 

Uhen  on  a  map  or  sketch  of  the  crossing,  this  distance  is  scaled  along  the  track 
from  the  center  of  the  lane  carrying  the  traffic  over  the  crossing.  On  multiple 
lane  roads,  such  as  city  streets,  the  measurements  are  taken  from  the  center  of 
the  approaching  lanes.  If  there  are  two  main  line  tracks,  the  distance  travel- 
ed in  10  seconds  by  the  train  should  be  marked  on  the  track  for  the  trains  ap- 
proaching the  crossing. 

Sight  lines  are  drawn  from  the  points  on  the  track  to  the  center  line  for  the 
traffic  approaching  the  crossing  just  clearing  the  obstructions  to  the  line  of 
sight.  The  distance  called  "Highway  Sight  Distance",  from  the  point  the  sight 
line  intersects  the  highway  to  the  crossing  is  measured  for  each  quadrant.  This 
operation  will  be  clarified  by  refering  to  the  sketch  of  a  hypothetical  cross- 
ing on  Figure  1. 

The  highway  sight  distance  having  been  found,  Table  IV,  is  entered  on  the  line 
corresponding  to  the  highway  speed  over  the  crossing  and  the  number  on  that  line 
that  is  nearest  to  the  highway  sight  distance  for  the  particular  quadrant  is  lo- 
cated. The  sight  distance  factor  above  the  number  is  the  weight  to  be  assigned 
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for  the  particular  quadrant.  The  sum  of  the  weights  for  the  four  quadrants  is 
the  factor  Fg. 

Any  obstruction  that  is  so  small  that  less  than  one-half  of  a  railroad  car  is  ob- 
scured from  all  points  on  the  highway  is  not  considered  an  obstruction.  If  the 
obstruction  is  large  enough  to  obscure  a  part  of  the  train  from  some  point  on  the 
highway  but  a  reasonably  unlimited  clear  view  of  the  track  is  available  behind 
the  obstruction  one-half  the  weight  is  assigned  that  would  be  obtained  if  a  clear 
view  behind  the  obstruction  were  impossible. 

Table  III.      Distance  Traveled  in  10  Seconds  for  Various  Speeds 

Distance  travel-                          Distance  travel- 
MPH ed  in  10  Seconds MPH ed  in  10  Seconds 


10 

147 

50 

734 

15 

220 

55 

807 

20 

293 

60 

880 

25 

367 

65 

954 

30 

440 

70 

1027 

35 

513 

80 

1173 

40 

587 

85 

1247 

45 

660 

Table  IV. 

Sight 

distance 

fact< 

Drs  for 

Various  Highway  Speeds 

and  Highwav 

Sight  D 

istances 

Highway  Speed 

Sieht 

Distance  Factor 

MPH 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

10 

77 

70 

64 

58 

52 

46 

15 

121 

110 

100 

89 

79 

68 

20 

174 

159 

143 

127 

111 

95 

25 

236 

214 

192 

170 

148 

126 

30 

307 

27S 

249 

219 

190 

161 

35 

387 

350 

312 

275 

238 

201 

40 

475 

429 

383 

337 

291 

245 

45 

573 

517 

461 

406 

350 

294 

50 

679 

613 

546 

480 

413 

347 

55 

794 

717 

639 

561 

483 

405 

60 

918 

828 

738 

648 

557 

467 

Maximum  waight  for  factor  F2  is  2.0 

The  factor  F3  represents  the  hazard  incidental  to  inconvenient  angles  of  vision. 
The  angle  of  vision  is  the  angle  between  the  sight  line  and  the  center  of  the 
lane  carrying  the  traffic  to  the  crossing  as  shown  on  Figure  1.  In  the  event 
that  the  view  is  unobstructed  in  any  quadrant,  the  distance  that  a  motor  vehicle 
will  travel  in  10  seconds  is  taken  from  Table  III,  and  this  distance  is  laid  off 
to  the  point  previously  determined  on  the  railroad  track. 
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The  weights  for  the  various  angles  of  vision  are  given  in  Table  V.  The  sum  of 
the  weights  for  the  four  quadrants  is  the  factor  Fo. 

Table  V.  Weights  for  Various  Angles  of  Vision 


Angle  of  Vision  Weights 


0°  to  30°  0. 

31°  to  U5°  0.35 

46°  to  60°  0.10 

61°  to  75°  0.15 

76°  to  90°  0.20 

Over  90°  0.25 

The  maximum  weight  for  factor  F3  is  1.0 

Factor  F/  represents  the  hazard  incidental  to  the  prexence  of  railroad  tracks, 
The  values  assigned  to  this  factor  increase  as  the  number  of  tracks  increase. 
The  weights  used  are  given  in  Table  VI. 

Table  VI.  Weights  for  Various  Track  Layouts 


Track  Layout  Weight 

Single  track  0.1 

One  main  and  one  passing  0.2 

Two  main  line  tracks  0.6 
Additional  for  each  track 

in  addition  to  those  above  0.02 

The  maximum  weight  for  factor  F,  is  0.8 

Factor  Ft  is  indicative  of  the  hazard  incidental  to  the  alignment  of  the  high- 
way approaches.  Weights  assigned  to  the  various  parts  of  this  factor  are  given 
in  Table  VII. 

Table  VII.         Weights  Assigned  for  Various  Highway  Approaches 


Highway  Approach Weight 

Tangent  both  sides  0.6 
Tangent  one  side,  curve  on  other 

with  external  20°  to  60°  0.5 
Tangent  one  side,  curve  on  other 

with  external  over  60°  Q.U 

Curve  both  sides  with  externals  20°  -  60°  0.3 
Curve  both  sides,  with  one  external  20°  -  60° 

external  on  other  side  over  60°  0.2 

Curve  both  sides  with  externals  over  60°  0.1 


The  maximum  weight  for  factor  F5  is  0.6 
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For  this  purpose,  a  curve  having  an  external  of  less  than  20°  is  considered  the 
same  as  a  tangent  in  the  alignment  of  highway  approaches. 

Note:  The  external  angle  of  a  curve  is  equal  in  degrees  to  the  change  in  the 
course  or  bearing  of  the  road  because  of  the  curve. 

Factor  F&  is  for  the  intersecting  streets  within  50  feet  of  the  crossing. 
Weights  assigned  the  divisions  of  this  factor  are  given  in  £able  VIII. 

Table  VIII.     Weights  assigned  for  Various  Intersecting  Street  Conditions 


Intersecting  Street  Weight 


Intersecting  street  with  busy  driveway  0.1 

from  service  station  or  other  business 

establishment 

Intersecting  street  carrying  low  volume 

of  traffic  -  No  traffic  control  0.2 

Intersecting  street  carrying  moderate 

volume  of  traffic  -  No  traffic  control  0.3 

Intersecting  street  carrying  heavy  volume 

of  traffic  -  No  traffic  control  0.4. 

Intersecting  street  carrying  any  volume 

of  traffic  and  having  traffic  control 

such  as  stop  signs,  traffic  lights,  etc.  0.5 

The  maximum  weight  for  factor  is  0.5 

Factor  F7  represents  the  hazard  presented  by  sun  glare  on  the  crossing  ap- 
proaches. Weights  assigned  for  the  two  parts  of  this  factor  are  given  in 
Table  IX. 

Table  IX.     Weights  Assigned  for  Various  Sun  Glare  Conditions 


Condition Weight 

Sun  glare  on  one  approach,  or 

slight  on  both  0.1 

Sun  glare  on  both  approaches  0.2 

The  maximum  weight  for  factor  F7  is  placed  at  0.2 
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The  factor  Fg  is  indicative  of  the  hazard  set  up  by  the  gradient  of  the  ap- 
proach. This  is  divided  into  two  parts  having  equal  but  opposite  weights; 
one  part  for  ascending  grades  into  the  crossing  and  the  other  for  descending 
grades. 

The  weights  assigned  the  divisions  of  this  factor  are  given  in  Table  X. 

Table  X..    Weights  assigned  for  Various  Approaching  Grades 

Grades Weight 

Q%   -  9/6  ascending  or  descending  0.05 

10$  -  descending  grade  0.10 

10$  -  ascending  grade  0.00 

Factor  Fo,  is  representative  of  the  hazard  caused  by  restricted  sight  dis- 
tance on  the  crossing.  It  is  to  be  used  only  when  the  top  of  the  rails 
are  so  high  above  the  approaching  grade  that  a  motorist  can  not  see  a  vehicle 
coming  from  the  other  side.   Weights  assigned  are  given  in  Table  XI. 

Table  XI.      Weights  assigned  to  Sight  Conditions  on  Crossing 


Sjght  Djstan.ce  on.  (fr-ossAhg height 

Blind  0.2 

Open  0 

The  maximum  weight  for  factor  Fo,  is  6.2 

Factor  F]_q  represents  the  hazard  created  by  a  narrow  crossing.  The  more  nar- 
row a  crossing,  the  more  the  motorist  concentrates  on  it  at  the  expense  of 
looking  for  approaching  trains.  Weights  assigned  are  given  in  Table  XII. 

Table  XII.    Weights  Assigned  for  Various  Crossing  Widths 


Width  of  Crossing  Weight 


16»  0.2 

24«  0.1 

Over  2U%  0 

The  maximum  weight  for  factor  F-^q  is  0.2 
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Fector  Fn   is  assigned  to  any  special  conditions  that  might  arise  on  various 
crossings. 

A  maximum  weight  of  0.3  may  be  assigned  for  these  special  conditions  that  tend 
to  distract  the  motorist's  attention.   Such  as  scenic  or  other  attractions, 
switching  trains  on  nearby  tracks  that  do  not  cross  the  road,  large  numbers  of 
pdestrians  on  the  road,  etc. 

Calculation  of  Index  of  Hazard 

1H  =  VxTxF 

1  H  =  Index  of  Hazard 

V  =  Volume  of  Vehicular  traffic 

T  =  Volume  of  Railroad  traffic 

F  =  Sum  of  all  factors  from  1  to  11 


The  lowest  value  that  can  be  obtained  is  1x1x1=1 

The  highest  value  that  can  be  obtained  is  10  x  10  x  10  =  1000 

All  calculations  incidental  to  the  computation  of  the  index  of  the  hazard  will 
be  done  on  the  computation  sheet,  a  copy  of  which  is  attached.  The  computation 
sheet  will  be  attached  to  the  other  information  sheets  for  each  crossing. 

Accidental  Severity  Fsctor,  FA,  is  used  as  a  supplementary  factor  in  conjunction 
with  the  Index  of  Hazard  to  obtain  a  value  designated  as  "Probable  Severity  of 
Accident".  The  values  assigned  to  this  factor  are  given  in  Table  XIII. 

Table  XIII.  Weights  Assigned  for  Various  Speeds  as  Accident  Factor 


Maximum  Train  Speed  Plus 

-g-  Maximum  Normal  Vehic.  Speed  Weight 

50  or  more  10 

40  8 

30  6 

20  4. 

10  •                          2 


To  obtain  "Probable  Severity  of  Accident"  Value 
1  H  x  FA  =  PSA 
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Copied  from:  The  Traffic  Digest  &  Review,  ITE 
June,  1956 


TO  AND  FROM  SCHOOL 
HOW  MUCH  PROTECTION?  -  HOW  MUCH  EDUCATION? 

Educators  and  traffic  authorities  meeting  in  joint  session  during  both  the 
195/i.  and  1955  National  Safety  Congress  participated  in  group  discussion  on  traffic 
problems  of  young  people  going  to  and  coming  from  school.  Mainly  these  represent- 
atives wanted  to  decide:  how  much  protection  should  be  afforded  the  youngsters, 
how  much  must  they  be  educated  to  protect  themselves? 

Represented  in  the  two-year  project  were  the  U.S.  Office  of  Education,  the 
American  Automobile  Association,  the  Association  of  Casualty  and  Surety  Companies, 
the  Institute  of  Traffic  Engineers,  the  National  Association  of  Independent 
Insurers,  the  National  Association  of  Automotive  Mutual  Insurance  Companies,  the 
National  Commission  on  Safety  Education  of  the  NEA,  the  National  Safety  Council, 
the  U.S.  Bureau  of  Public  Roads,  the  International  Association  of  Chiefs  of  Police, 
and  the  National  Congress  of  Parents  and  Teachers. 

As  a  result  of  general  discussion  during  the  1954.  sessions,  those  meeting 
in  1955  made  an  effort  to  agree  upon  some  principles  to  assist  educators,  engineers 
and  police  in  solving  the  to  and  from  school  traffic  problems.  The  1955  group 
accepted  the  principles  below  as  reported  by  discussion  leader  J.  Stannard  Baker, 
director  of  research,  Traffic  Institute,  Northwestern  University,  Evanston,  111. 
Providing  Gaps  in  Traffic 


1.  Where  natural  gaps  in  vehicular  traffic  are  not  great  enough  or  frequent 
enough  to  permit  groups  of  children  to  cross  streets  in  a  safe  and  orderly  manner 
on  the  way  to  and  from  school,  traffic  authorities  should  take  steps  to  provide 
such  gaps  or  some  other  means  of  crossing  the  street,  such  as  overpasses. 

2.  The  need  for  providing  such  gaps  should  be  judged  on  the  basis  of  object- 
ive studies  on  vehicle  and  pedestrian  traffic  volumes  with  recognition  of  estab- 
lished warrents  for  this  purpose.  Priorities  should  be  T;Iven  to  locations 
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involving  greatest  potential  conflict  between  crossing  children  and  passing  vehi- 
cular traffic. 

3.  Children  should  be  required  to  go  a  reasonable  distance  (for  example 
one-eighth  mile)  to  utilize  crossings  where  existing  gaps  are  adequate,  rather 
than  expecting  traffic  authorities  to  establish  special  gaps  at  additional  loca- 
tions. 

U»     School  authorities  and  traffic  authorities  should  cooperate  in  selecting 
routes  for  children  going  to  and  from  school  which  will  subject  the  children  to 
minimum  risks  and  require  minimum  outlay  for  creating  special  gaps  in  traffic  for 
them.  Schools  should,  at  the  beginning  of  each  school  year,  instruct  children 
carefully  in  the  use  of  these  routes,  inform  parents  of  the  safest  routes  and  per- 
suade parents  to  cooperate  fully  in  getting  children  to  use  them. 

5.  School  safety  patrols  should  not  be  permitted  to  direct  traffic  for  the 
purpose  of  creating  special  gaps.  Special  crossing  guards  should  be  permitted  to 
do  so  only  when  individually  authorized  by  the  police  department  after  being  qual- 
ified with  respect  to  physical  ability,  character  and  suitable  training. 
Educational  Functions  of  Persons  Supervising  School  Crossings 

1.  No  person  assigned  to  supervise  children  at  a  school  crossing  or  to  create 
special  gaps  in  vehicular  traffic  at  such  places  should  encourage  or  permit  children 
to  cross  in  any  manner  which  would  be  an  undesirable  practice  at  any  unsupervised 
crossing. 

2.  In  addition  to  directing  vehicle  traffic  to  create  gaps  for  children  and 

indicating  to  children  when  to  use  gaps,  police  and  other  adult  crossing  guards 

should  encourage  children  to  behave  as  they  have  been  instructed  to  in  using  the 

streets  especially  in  crossing.  They  should  do  this  by  continually  reminding  the 

through 
children  of  proper  behavior/ such  admonition  as,  "Walk,  don't  run,"  and  "Now,  look 

to  the  right."  If  necessary  the  child  should  be  restrained. 

If,  by  chance,  the  adult  assigned  to  the  crossing  does  not  know  what  practices 
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have  been  taught  the  children,  he  should  limit  his  activity  to  directing  traffic 
until  he  has  become  familiar  with  the  details  of  the  school  program  for  developing 
safe  traffic  habits  in  children. 

3.  School  authorities  should  undertake  systematically,  usually  in  classes, 
to  see  that  every  child  understands  exactly  what  behavior  is  expected  of  him  on 
the  streets,  not  only  in  going  to  and  from  school  but  also  at  other  times  and  places, 

1+.     Police  departments  should  instruct  officers  assigned  to  school  crossing 
duty  and  other  adult  crossing  guards  not  only  in  methods  of  directing  traffic, 
but  also  in  methods  recommended  by  school  authorities  to  develop  in  children  proper 
habits  of  street  use  so  that  they  may  help  on  the  street  in  giving  children  the 
necessary  practice.  Representatives  of  schools  may  be  invited  by  the  police  to 
assist  in  such  instruction. 

Police  and  other  adults  assigned  to  school  crossings  should  visit  the  school 
to  determine  exactly  what  is  being  taught  the  children  there  about  use  of  streets, 
and  how  school  safety  patrols  are  being  instructed  to  operate.  If  instruction  is 
given  in  classes,  these  classes  should  be  visited  by  the  adults  assigned  to  cros- 
sings at  these  schools.  Schools  may  invite  such  crossing  guards  or  other  police 
representatives  to  assist  in  such  instruction. 

Instruction  of  adults  assigned  to  school  crossings  should  be  a  police  respon- 
sibility; instruction  of  children  in  crossing  should  be  a  school  responsibility. 

5.  Adults  assigned  to  school  crossings  and  school  safety  patrols  should 
not  relieve  choldren  of  all  responsibility  in  crossing  streets  by  leading  them 
across  by  the  hand,  or  herding  them  into  regimented  groups.  Overprotection  retards 
development  in  the  child  of  safety  habits  and  responsibility,  for  his  own  safety. 

It  may  keep  him  out  of  trouble  at  the  school  crossing,  but  it  will  not  prepare 
him  to  meet  crossing  situations  effectively  elsewhere. 

6.  The  objective  of  both  the  school  training  program  and  the  supervision 
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of  the  child  in  crossing  streets  should  be  the  same:  to  develop  in  the  child  at 
the  earliest  possible  age  the  ability  to  take  care  of  himself  and  the  feeling  of 
responsibility  for  doing  so  that  will  protect  him  not  only  at  school  crossings 
but  wherever  he  goes  throughout  the  rest  of  his  life. 
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All  members  of  the  committee  contributed  ideas,  suggestions  and  criticisms. 
A  number  of  them  met  with  the  Chairman  in  Chicago  and  Cincinnati  to  discuss  the 
preliminary  report.   In  addition  Dr.  Wayne  Hughes  and  his  associates,  Vivian 
Weedonand  Marion  Telford,  of  the  School  and  College  Division  of  the  Tiitiorul 
Safety  Council,  offered  helpful  comments  and  criticism  which  are  greatfully 
acknowledged. 

The  concensus  of  the  Committee  is  embodied  in  these: 

R2C0MMENDATI0BB 

1.  The  warrants  should  be  approved  at  onco  by  the  I.T.E.  and  the  I.A.C.P. 
but  on  a  tentative  basis  so  that  some  •  guide,  even  though  not  fully  perfected, 
will  be  available  immediately. 

2.  This  report  should  be  sent  to  other  interested  organizations  and 
individuals,  that  the  ideas  in  it  may  be  subjected  to  consideration  from  more 
angles. 

3.  A  joint  Committee  for  developing  such  warrants  should  be  continued  in 
194$  and  possibly  subsequent  years.  Such  a  Committee  should  consider  further 
refinements  in  these  warrants  as  well  as  warrants  in  other  conditions. 

4.  A  succeeding  Committee  should  be  instructed  to  request  that  these  warrants 
be  compared  with  existing  practices  in  a  number  of  cities,  not  to  determine 
whether  they  represent  such  practices,  but  to  find  raout  how  they  would  function 
if  applied.   It  would  be  useful  in  refining  these  warrants  if  a  school  crossir 
survey  could  be  made  in  some  community  of  medium  size.  After  wider  scrutiny 

and  practical  application,  these  warrants  should  be  adjusted,  if  necessary,  and 
final  approval  secured. 
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especially  deputized  for  this  purpose. 

3»  No  other  intersection  in  the  coirnmnit.'  is  known  where  police  control  of 
traffic  would  protect  children  at  a  lower  cost  per  child* 

4»  The  product  of  the  traffic  volume  in  thousands  of  vehicles  per  hour  on 
the  street  while  it  is  being  crossed  Multiplied  by  the  number  of  children  crossing 
on  their  way  to  or  fro  i  achool  exceeds  30. 

Traffic  officers  are  not  warranted  at  school  crossings  to  fuard  children 
against  their  own  carelessness  or  td  trair.  thera  to  cross  safely  j  these  are  not 
police  function   "owever,  if  officers  are  assigned. to  school  crossing  dut;  ,  the 
should  cooperate  in  iQarding  aotf  trair.:    .  ildren  es        the  very  you;     3. 

DISCUSS! 

Demand  for  '        ficer  Control  at  School  Intersections 

odyfs  on  is  to  .  ic  officers  to  school 
Sea.  srsnts  woulu  like  to  have  their  children  escorted  to  end  J 
adults,  particularly  by  police  officers.  One  of  the  pri;     appeals  of  i 

joIs  is  that  the  pupils  are  picked  up  <xr\d  delivered     sir  ho  ol» 

Most  schools  also  like  to  be  relieved  of  the  roapocsiM' it..-  of  the  Child    m   soot 
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thsy  leave  school  property.  Furthermore,  SB     'ice  officers  like  this  duty  because 
it  is  easy,  uncontroversial ,  and   often  flatterir.  -. 

Therefore,  ever    T3  inclination  is  to       officers  to  school  cros  • 
Unquestior       'e  are  places  where  it  is  quite  -ecessir  ;  but  it  is  e~     true 
that  there  is  a  Hadt  beyond  which  it  13  unwise  for  police  de     nts  to  .   rpt  to 
|SCppl:r  this  service.  A  physical  Unit  i3  .     i  at  t  are  0. 

unavailable  tc  meet  the  dflraands,  but  the  real  problem  is  one  of  establishing  aanaible 
yarr         -3  activiJ     ch  will  help  to  utilize  available  police  strength  to  the 
bage  of  the  entire  community. 

Purpose  of  Supervising  School  Crossir. 

There  are  three  aspects  of  crossing  streets  in  which  parents  and  schools  are 
interestedi  (l)  educating  and  trainir     child  in  crossing  streets  aafet."  :  (2) 
geending  the  child  against  his  own  carelessness  in  coossir.,-;  (3)  controlling  traffic  so  ai 
to  permit  safe  crossir  . 

Fdu       tc  Child  ir:  crossing  streets  safely  is  today  usually  begun  b     nts 
before  the  child  goes  to  school*  After  he  starts  to  school j  parsnts  have  less  and  hi3 
schoolmates  more  influence  on  his  beluivior.  With  proper  direction  by  school        r.ts 
good  habits  develop;  without  follow  up  by  the  school  some  of  the  caution  instilled  I 
parents  -nay  be  lost.   What  par4.    lid  the  police  play  in  this?   Many  officers  assigned 
to  school  crossings  have  j   od  in  tsac 

youngsters  how  to  alert  themselves  w'     sparing  to  cross,      ;c  traffic  and  to 
cross  proper-  •   On  the  other  hard,  ■ajqr  weil-mea)     it  untrained  Offtoi 
ostentatiously  stop  vehicles  an  I.  hurry  the  childr    ^033  ths  stM 
this  teaches  the  youngster  to  watch  the  officer  and  run  pollmell  for  the  opposite  curb 
when  he  gives  the  eiga«  Such  "tr    |"  is  no  help  wher.  the  children  are  where  there 
are  no  officers  and  often  counteracts  the  efforts  of  the  school  to  teach  children  tc 
watch  for  gaps  in  traffic  and  walk  to  the  opposite  curb. 

Few  officers  have  bad  training  in  the  educational  principles  involved  in  U kC  - 
ing  byhavior  habits  and  few  school  systems  or  police  departments  are  inclined  or 
equipped  to  give  sucu  training  to  intersection  officers,  "tost  police  departments  are 
not  in  a  position  to  assign  only  special lv  trained  men  to  sc     crossings  but  must 
send  whoever  is  available*    On  the  other  hand,  safety  educators  agree  that  pupils 
should  be  taught  early  how  to  cross  streets  safely  and  that  schools  are  logical 
agencies  to  do  tills*  It  follows,  therefore,  that  officers  should  not  be  aso     to 
school  crossing  for  the  purpose  of  teaching  children  to  cross  safely,  a  function  whi 
is  presumably  the  responsibility  of  the  school  where  there  should  be  people  especial 
equipped  and  trained  for  this  kind  of  teaching. 

However,  when  officers  are  assigned  to  street  crossing  for  other  purposes,  th< 
should  understand  and  cooperate  in  the  school  pedestrian  training  program  so  \  ll 

efforts  will  be  toward  a  common  goal. 

ording  the  child  against  his  own  carele33ness  by  watching  to  see  t      doe3 
not  enter  the  street  unaware  of  approaching  vehicles,  misjudge  the  gaps  in  traffic, 
engage  in  play  while  crossing  and  become  confused  by  situations      he 

has  not  anticipated  can  be  done  by  police  officers,  but  by  00  stretch  of  the 
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agination  is  it  possible  to  visualise  enough  traffic  officers  to  give  protection  of 
lit  kind  to  more  than  a  minute  proportion  of  school  children. 

The  best  method  of  seeing  that  children  do  not  carelessly  dash  or  wander  into 
t  traffic  seeoi3  to  be  school  safety  patrols.  These  can  be  stationed  at  many  points 
ot  only  adjacent  to  but  at  some  distance  from  the  schools.  Properly  taught  and  super- 
liaed  as  part  of  the  school  program,  these  patrols  con  successfully  watch  out  for  ^\j.ny 
limes  the  number  of  crossing  children  that  police  could  possibly  oversee.  By   this 
lidespread  and  continuing  supervision,  children  can  be  drilled  in  habits  of  safety  Ml 
mmm  a  pattern  of  behavior  that  will  safeguard  them  always,  even  when  the;/  are  alone, 
iupplemented  by  irv-school  teaching  of  the  principles  of  safe  street  crossing,  tJ 
■esults  of  such  a  program  can  not  be  e<|ualed  through  any  available  amount  of  police 
fork. 

It  follows  that  police  officers  should  not  be  assigned  to  school  crossir..  s  to 
jrotect  children  from  their  own  carelessness,  except  as  an  emergency  measure  pe 
;he  establishment  of  safety  patrols  which  car.  do  this  on  a  much  broader  scale  or  at 
;imes  and  places  where  schools  could  not  be  expected  to  assume  any  responsibility  sue 
is  crossings  to  recreational  facilities  like  beaches,  and  playgrounds. 

In  places  where  the  authority  of  police  officers  is  felt  necessary  to  secure 
ibedience     Lldren  to  the  control  of  safety  patrols,  it  must  be  assumed  tlmt  the 
direction  of  the  patrols  by  the  schools  has  not  developed  to  the  point  that  it  has  in 
nost  cunmunities  so  that  within  the  school  itself  has  beer,  built  up  the  necess. 

discipline. 

Police  and  traffic  engineering  departments  should  be  willing  to  offer  t  c 
assistance  of  properly  selected  and  trained  personnel  to  assist  schools  in  sstablisiiing 
patrols.  In  this  the  police  can  capitalize  on  the  esteem  and  respect  of  the  y 
B&nd  for  friendiynof fleers  cf  the  law  and  the  traffic  ergineers  can  suggest  pedestrians 
routes,  establish  parking  regulations,  mark  crosswalks,  and  provide  warning  signs  whic 
should  be  helpful  in  the  program. 

Creating  Gaps  in  Traffic 

Unfortunately,  some  schools  are  located  so  that  |    -s  oust  cross  traffic  of  such 
volume  that  appropriate  gaps  for  walkers  to  cross  rare     oar.  Hazards  at  school 
crossings  occur  principally  where  children  filter  through  such  traffic  or  in  a  group 
see  to  extend  gaps  which/  are  tsa.  too  small  for  the  passage  of  the  group.  Traffic  c>.n  be 
halted  to  produce  gaps  by  several  different  mears.  Thu^e  main  questions  arise  in 
connection  with  establishing  gaps  in  traffic* 

(1)  when  are  natural  gaps  insufficient 

(2)  by  what  means  can  gaps  best  be  created 

(3)  for  how  few  children  is  it  practical  to  undertake  to  create  these  gaps? 

Natural  Gaps  in  Traffic 
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If  reasonable  safety  for  crossinr  without  cor;trol  of  traffic  is  to  be 
assured,  natural  gaps  In  traffic  should  be  lsufficient  for  the  child  or 
to  walk,  not  run,  from  one  eurg  to  the  other.  Observations  indicate  that 
elementary  school  childrt        out  3«5  feet  per  second.  Stall  ones  f*o  slower, 
larger  ones  faster,  but  wit  I      ~e  of  3  to  4»>  feet  per  second,  3.5  seers  to 
be  close  er.ourh  for  the     it* 

If  the  tine  between  gaps  avera<*os  mor-.     about  a  nir.ute,  childre 
or  in  groups,  '/ill  lose  patience  and  cither  start  to  ['  .  ,  ihic       ?ts 
attention  from  the  problem  of  crossing  and  a.  cause  tartd         3troet, 
or  they^force"  gaps  too  small  to  permit  complete  cross'  ,  that  la, 
through  traffic.  These  conditions  occur  eve      school  safcJ     ~ols. 

Lar^e  .'roups  of  children  obviously  require  longer  to  cross  the  street 
■ban  single  children  or  small  groups.  Thirty  to  forty  children,  as      3  ex: 
ordinarily  be  accumulated  at  one  time,  will  straggle  or  expand  to  about  20  feet 
crossing; •  T   is,  when  the  first  ones  are  across,  the  last  ones  will  be  20 
feet  from  the  curb. 

Based,  on  these  characteristics  of  behavior,  it  is  possible  to  compute  the 
volume  of  traffic  which  will  r.ot  give  natur  and  frequent  enon 

to  permit  children  to  cross  without  traffic  interference,  ."results  of  these 
computations  are  shown  in  Exhibit  1  an     jethod  of  makinc  them  in  the  appendi... 
For  example,  if  s     -oupa  of  children  must  cross  a  40- foot  street,  natural  gaps 
long  enough  to  permit  MljUdLng  clear  across  will  occur  on  the  average  of  more  than 
one  a  minute  with  traffic  volumes  (total  of  both  directions)  up  to  500  vehicles 
per  hour.  Above  that  volume,  natural  gaps  will  be  shorter  and  less  frequent. 

Some  factor  of  safety  is  needed  to  allow  for  slower  walkers,  inability  of 
children  to  mudge  borderline  opportunities  to  cross  and  other  unfavorable  conditions. 
This  factor  of  safety  is  provided.    •  -whole  width  of  the  street  is  rarely  blocked 
simultaneously  30  that  a  child  can  start  across  while  the  opposite  side  is  blocked. 
The  obstructing  vehicle  will  have  cleared  before  there  is  any  conflict  with  the 
pedestrian.  Hence  the  actual  tir^e  a     Is  for  cros:       ^oater  ths    I  used 
as  a  basis  for  Calculatlo  .   This  is  especially  true  at         isings  because 
Iran  cross  i       street  ir.  one  (Uriel  I   only  duri  fflc. 

These  calcxi.    a  are  •  view  :'ac  is 

obstructed  so  t     ildrer.  on  at 

to  take  advantage  of  titan*  or  near  gaps  J  >e 

greater  or  less  than  normal.  Of  course,  at  signalised  intersections,  gaps  art 
artificial;  created. 

ilea  for  Operation  of  School  Safe'   .  .*ols  have  been  i  i      od 
by  a  committee  consist '        estntativet  of  t      Lc  -lh.  , 

National  Congress  of  Par  :*3,  Rational  h/Jucation  Associatio  ,  itional 

Safety  Council  and  0*.  S.  Of  fie     tucation.  '.  .t  school  children 

shall  not  be  civet:  the  reap-.    Uity  of  cont.       uffic  but  should  limit  and 
direct  their  attention  to  controlling  and  supervising  pupils.  There  remains,  the-  , 
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,hree  raajor  possibilities  of  traffic  control  to  create  artifi  ural  ones 

ire  insufficient;  i.e.,  traffic  signals,  polico  .  ir  authoris    -  ..-• 

Experience  !;aj  shown  that  drivers  will  respond  well  to  each  of  these  osthods  if 
it  ia  properly  established.  The  choice  between  thorn  therefore  becomes  one  of  determining 
fhich  ia  the  least  drain  on  the  taxpayers'  pocket.  Because  of  t         if fere 
>etween  localitiee  in  the  coat  of  linatailinr.  aignala,  employing  patrolmen  and  other 

tors,  no  general  rule  can  be  established.   Each  intersection  is  an  individual 
IDroblem  to  be  worked  out  .       y  police ,       engineers  and  scliool  authorities. 
Cn  determining  the  relative  expense  of  various  methods  all  cost  ahould  I:  "onputed 
>r  estimated  and  reduced  to  a  unit  basis.  Exhibit  2,  an  exan^ae  of  such  calculations 
All  serve  to  show  the  general  method. 

Janitors,   ac  era,  firemen,  watchmen  and  others  employed  part-time  for  the 
purpose  of  controlling  traffic  at  school  crossings  expect  to  be  compensated  for  this 
ixtra  dut^  if  it  t:ikos  time  beyond  that  covered  by  their  regular  pay*  These  costs  riust, 
af  course,  be  included  in  a  computation,    vertheless,  the  lowest  cost  of  control  is 
generally  that  furnished  by  authorized  teachers,  Janitors,  or  other  persons  who  normally 
*ork  near  the  creasing.   Less  time  is  required  for  them  to  reach  their  stations. 
towever,  aa  the  distance  from  the  8Chool  increases,  the  travel  time  of  such  people 

jaaes  the  coat.   Koreoever,  they  are  les8  acceptable  to  drivers  when  the  connection 
Kith  the  scliool  is  not  obvious,  or  where  t.     ffic  volume  is  exceptional!;''  large. 
Equipping  3uch  people  with  'white  belt3,  special  caps  or  other  conspicuous  insignia 
tyelps  drivers  to  recognise  the:.. 

It  follows  that  at  locations  some  distance  from  the  school,  particular!"  where 
traffic  volumes  are  large,  police  may  be  the  more  desirable  and  economical  means 
of  control.   Important  factor  in  the  coat  of  police  operations  is  that  of  transport: 
[police  to  and  from  schools  or  tying  up  the  police  equipment  while  the  men  are  on 

,ol  cro33lng  duty  ■       Udinfl  *&&   ^roni  other  assigrments,  for  half  an  hour  or 
nore  to  make  sure  that  they  will  ho  at  the  school  crossing  when  needc 

The  cost  of  traffic  signals  depends  muc      the  uccessibi  .rical 

ener  ,  availability  of  mountings,  amount  of  sidewalk  or  pavement  breaking  neoeo»:r  , 
and  other  strict!'  local  factors.   Substandard  signals  should  never  be  installed  I 
keep  costs  down  at  school  crossings  any  more  ttaen  amlad justed  officers  should  be 
asaigned  there  simply  to  give  them  some  tiling  to  do.   In  either  case  Um  result  I 
be  nore  rather  than  leas  liaaard.   Since  a  considerable  part  of  the  cost  of  tlie  sigrtala 
ia  in  the  investment,  they  my  bo  leaa  economical  at  those  crossings  which  require 
control  only  at  one  of  the  four  child-use  periods  during  the  day. 

If      3  are  used,     should  be  in  operation  only  when  warranted 
Children  crossing  or  L     ffic  conditions.  Otherwise,  drivers  waiting  at  a  red 
light  when  there  is  little  or  no  reason  for  being  stopped  arc  tempted  to  disregard 
the  signal  or  at  least  develop  contempt  for  traffic  control  at  that  point  if  not  in 
general.  It  is  customary  traffic  engineer!     ctice  to  have  the  signals  show  a 
flashing  yellow  light  by  a  time  control  daring  hours  when  not  wanted.  I£  the  vacation 
■onths  the  signal  head  may  be  covered  by  a  canvas  hood  so  tliat  it  may  be  turned  off 
without  giving  the  impression  that  it  is  out  of  order.  It  would  be  possible  to  have 
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,he  signal  changed  to  and  from  flashing  operation  b  rola  in  the  school  for 
ihat  purpose.  Signals  operated  by  pedestriar  -button  also  offer  ■  solution 
'jo  adapting  their  operation  to  needs  for  it.  If  this  is  done  o;.  grilles 

w  3afetv  patrols  should  operate  the  buttons  or  the  signals  should  be  arranged  to 
issuae  a  regular  c  rcle  if  the  button  is  too  frequently  pushed;  othervri.se     levous 
shlldren  will  interfere. 


I  IT  2_A 
3AKFLE  OOKPlfTATIOFS  OF  C  '^AFFIC  AT     L  CHOS::* 

Intersection  of  Jefferson     ew  Jersey  requires  control  for  1C     i* 
twice  per  oar  before  opening  and  20  minutes  twice  per     "~er  school  closes.  See 
Analysis  sheet  for  mrtm 

Control  by  Police  Officer-  Data  from  TkmfXlo  Dirlsi    f  folic    U 

Office-        ken  to  locati<  and  retumc. 

tines  per  day.    i  will  ran  jot.  Trip  is  1.    3a 

each  way  and  squad     .ill  average  8  minutes,  LnalttUng  running  ■         ..",-• 

Officers1  p 
2.<  at  t2500/yr  -  2000  hr/  r       53.00 

0.  '        ISO  days/yr  at  $2500/yr  -  2000  hr/yr        .00 

Car  cost: 
1.2  mi.  x  6  trips  x  160  days/yr  at  3.0' /mile         .   7  . 

Total  cost  per  year  1911.00 

C  r  Traffic  ftiglneerd    reau. 

Four  2-faced  signal  heads,  Lroller,  tins  swit*         actions 

Installed  for  operation  4  hours  and  flashing  20  hours  per  da     lays  per  year. 
Signal  hooded  remainder  of  year. 

Depreciation!  "2500  -  20  years  $125.00 

Interest:  12500/  .13 

Power:     itt3  x  4  hr«  -  2,000  watt-hours 

240  M     .  20  hr  -  4#300  watt-hours 

Tot                   .  kwh  x  260  days  at  2^  kwh  38.00 

Miritenancet  4  inapections/yr  02.00  averap"  .00 

Paintinr:  ^20.00  -  4  years  3.00 

Hoods t  &30.00  -   4  /ears  .00 

Hoods 1  £30.00  -   4  years  7.50 


Total,  cost  per  year  214.  3 


>- 


-*» 
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8:00-8:30    12:00  12:30      12:45-1:15  3:30-3:50 
30 


250 
350 
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30 

240 
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250 
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aowiROt,  vkbpjut:         all  rat* 

New  Jersey  -  N.  &  3.  at  Jefferson  60»  wide 

Same   5* 

182!J  *43S   182N*43S  190N+ 

500          300    390  270 


Yes 
120 


69    64 


65 


3MBHCD  Total  ifczard  Factor  (at  croec^  jquirine  control)  406 

nrly  coot  of  control  (3ee  separate  estimates)  Police  Officer  1. 

Traffic  M:t*1  14. 

sarly  cost  per  unit  hazard  by  least  expensive  method  0.  j? 

r-jecopt  in  rural  villager,  it  is  foil;/  to  a/>sur*e  that  bwaw  policemen  have 
to  authority  to  direct  traffic  and  often  Iiave  little  else  to  do  at  tho  moment  that 
he  coot  of  pfclice  "ptuiwitiaH"  at  school  cross  Ls  little  ;re 

ton  one  or  two  crossincc  need  control,  other  police  functions  will  juff or  to  the 
Ktent  that  additional  nan  will  \y*  needed  for  them.    This  is  tho  equivalent  I 
lrinc  police  for  school  crossing  control. 

OR  HCW  PEW  CHILEP.22I  SHALL  WAFF 


the  last  snd  most  difficult  problem  is  to  dcterriine  how  many  child 
•o  a  crossing  to  make  it  vorth  while  to  create  artificial  breaks  in  traffic. 
Olico  departaxsnt  could  afford  to  send  an  officer  out  to  see  that  a  single  child 
at  safoly  across  a  boulevard.  nals  would  not  logically  be  warranted 

lor  this  purpose.         >thers,  howtnr  «r,  often  drive  their  children  to  school  to 
hen  across  a  main  hi&tmj  or  accompany  thea  that  far  on  foot.    That  the  Nflrlflfc 
if  a  single  life,  especially  that  of  *?,  "kiddie"  is  worth  any  expense,  is  t 
loundest  kind  of  continent  and  if  death  is  inevitable  without  aid,  the  whole 
Wnunity  rushes  eaf  arty  to  the  renou  vees  of  injury  are 

nly  moderate,  even  if  they  rre  continually  present,  it  is  hard  to  maintain  audi 
'trvor  for  safety  especially  when  the  cost  becomes  "prohibitive 

This  question  will  porbably  always  be  settled  on  a  relative  basis  by  the 
wamnities  in  which  it  appears.       I  quiet,  well-to-do  town  with  its  schools  off 
iho  nain  route  and  little  police  activity  '..111  not  hesitate  to  assioa  an  officer 
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■jq  a  school  crossing  at  a  oo3t  to  the  caaaunity  of  10.00  per  pupil  using  the 
5rossing  por  year,  even  with  quite  a  moderate  hazard  at  that  point.  C*i  the  other 
land,  in  metropolitan  areas  whore  moot  schools  are  near  thoroughfares  and  the  police 
ire  admittedly  vTidorcanneu,  it  may  not  be  practicable  to  protect  c.   lings  if  U 
jost  would  be  as  low  as  ten  cents  per  pupil  per  year  even  with  considerable  hazard 
present.  The  sense  thin,    .rue  with  Uuffic  signals,  amall  coxacamitios  will  and 
son  put  then  in  at  intersoctions  for  which  they  would  nover  bo  considered  warranted  in 
Utios. 

In  ever;-  given  community,  the  relative  value  of  traffic  control  for  creating 
3&ps  whore  they  are  needed  at  school  crossings  can  be  estimated  by  computing  the 
308t  -par  unit  of  hazard  at  the  crossing  under  conaideration.   lor  tliis  purpose  the 
mit  of  nana  :^rod  as  the  qvorage  number  of  valkers  crossing  a  street 

rtiile  control  is  in  operation  tiiaes  the  average  number  of  thousands  of  vehicles  in  both 
lirecti.       our.  Thus,  if  100  children  cross  a  street  carryia  an  average  of 
L200  vehicles  pea:  hour,  the  total,  hazard  factor  vdU  be  L^O.  el 

xwt  of  controlling  this  location  to  jive  gaps  in  traffic  by  the  iiasard  factor  will 

the  cost  pisr  unit  lia^ard.  If  diildren  cros^  this  traffic  four  tines  per  day, 
;hc  total  hasard  will  be  few    .j  as  g.     iwided  the  namoer  of  children  and  the 
ira^fic  volur.o  .'.:>  t     is  each  time,  j   Locations  inexpensively  controlled  with  many 
shilxiren  using  then  will  obviously  receive  first  consideration.  llioso  which  are 

:3ivo  to  control  but  taevt       Idreu  crossing  may  be  equal  in  coat  per  unit 
•Hth  fewer  children  but  leas  expensive  control  measures.  Last  tdll 
iXways  be  those  uhlan  are  both  coopenuive  to  control  and  are  used  by  few  efaildr 

Clearly,  therefore,  advising  a  cotsaunity  iww  much  of  its  money  it  should  spend 
xi  croc:  s, for  children  at  school  crossings  is  like  advising  a 

torily  ho*.:  be  for  liealth  or  recreation  or  insurance, 

lich  dej     ipon  the  relative  import.    4  other  denands  upon  t!io  resources  of  the 

canity.  t  best  only  a  guide  can  be  indicated,  fat  this  rxirpose 
Lt  soonn  that  e  hasard  factor  c  Kit  the  scaliest  which  ordinarily  .justifi 
wren  inexpensive  control  at  school  crossings.   ouch  a  factor  **ould,  of  course,  only 

without  adequate  natural  gape  In  traffic.  A  hazard  factor 
>f  I        .  reseat  B  jQ  children  erosj     street  carry'-iv  1,CXX)  vehicles  per  hour- 
)ther  values  for  this  borderline  hazard  factor  are  shown  in  ^diibit  3. 

Natural!:     --lal  conditions  may  make  oentvoil  ilairt  Table  *.*hore  i      oul£  otherwise 
lot  be  warrant,     or  example,  obstructions  which  prevent  drivers  seeing  children 
aid  aiildren  seeing  automobiles  i?ay  make  neans  of  controlling  gaps  in  traffic 
taslrabi    |  3aae  times  and  places  where  children  cr?     rests  there  are  none  old 
■aough  to  provide  scliool  safety  patrols,  hence  some  arrangement  must  be  mado  to 
protect  team  from  their  own  carelessness.  There  are  a  few 

tofortunately,  drivers  or  children  are  exceptionally  lawless  and  qnrtledpliaed  so 
that  traffic  may  require  police  enforcement  as  well  as  direction. 

In  any  city  a  survey  of  school  crossings  at  which  of:"  re 

essi^ied  to  direct  traffic  or  where  special  traffic  control  device :•  have  been 
Installed,  plus  ai  *.ch  there  say  be  need  for  control  can  lead  to 

.shmont  o.'    .jm.  hazard  factor  fax*  that  particular  ccsrunity  which  right  be 
ir  or  lower  than  general  reccciaendation.  For  each  ersssi     \or  consideration, 
5  volume  and  pedestrian  volume,  width  of  street  ancl  annual  cost  of 
aontrol  by  various  methods  sljould  be  studied  and  oompar  .   :  this  means  the  locations 
can  bo  ranked  in  order  of  cost  per  unit  hazard. 
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2h  any  such  work  questiine  will  ^y  arita  as  to  wliat  city  department 

sioul'I  dofray  the  expense  of  directing  traffic     .         joI  cross  .jeded. 

lOh  accounting  problan6  should  not,  however,  atari ..  10  \;ay  of  jit 

tha  unif orx  policy  throughout  xcunity* 

2ERAL  CO23XHIUTI0SB 

broody  heavy  vtklucaes  of  vehicles  and  cciiool  pedestrians  will  warrant  th 
tallation  of  overpasses  or  pedestrian  tunnels  ca  alternatives  to  trai  •!• 

is  case  of  si^jals,  economies  in  the  construction  of  such  facilities  should  not 
ab  than  of  their  attractiveness  and  therefore  thoir  utility.         /orpass  and  tunnel 
light  to  bo  the  path  of  least  resistance  across  the  street  so  the*  supervision  Tdhich 
auli  oblige  children  and  others  to  use  them  will  bo  quite  luinecesaary* 

This  say  be  accomplished  by  m  ba&t  as  reaps  (vrti.  . .    icaanodate  bicyclM 

s  well  as  pedestrl^nc)  instead  of  ctaira,  direct  connections  to  cciiool  yards  or 
ULiinctS;.  to  keep  people  free,  the  raore  direct  path  across  the  pavaaent, 


fcwrtant  lifting  and  good  drainage  and  sanitation* 


Any  means  of  controlllnw  traffic  nay  usually  be  arranged  to  control  an  inter* 
action    and  thus  provide  gaps  1  I  two  streets  as  cheaply  as  on  one. 

act,  this  is  general  practice.    The  total  hazard  of  ero»ainr  Loth  streets  nust 
hcrcforc  bo  lateen  into  mmeUUvhUob*    ft  M&mi  aic j  thai  IsterMctlm  and  fay  i 
jBT^c  nunber  of  children  tri.ll  bo  raoro  likely  to  warrant  control  than  thoso  ucod 
Biallar  nuEfcere.    Careful  planning  of  routes  to  and  iron  ochool  and  the  instruction 
kf  children  and  parents  in  the  use  of  routes  can  tales  advantage  of  exist!  -  its 

fccro  traffic  ft:-  oiled  by  signals  or  officers  and  can  reduce  to  a  staI  1  or  number  those 

ihich  will  r squire  special  attention, 

jrisral  principles  involved  also  surcost  consideration  in  the  location  of 
jchcol*     It  wsjuld  appear  advisable  to  locate  schools  tctnird  the  interior  of  arras 
xnmdcd  and  serrated  by  vide  streets  carrying  heavy  traffic  so  that  as  r^any  of  t; 
siplls  as  possible  •  lvx-cc  over  routes  eroeain<;  only  streets  where  adequate 

latural  rape  in  -rovided. 


:IBIT  3 

000)23 

HAZALD  r.                   30 

-diTUBl 

-x%*et 

Cost 

w 

.  fWlfi 

Per  Child 

|MHI  1  1 

Ktanber 

Affordinc 

Per  Year 

Cost  per 

or 

of 

Per  iiour 

.turcil 

at  50/  Per 

Chit 

l*«crn 

Idren 

Uslnc 

Caps 

ISour  for 

Hazard 

mo%  ov 

Crossing 

Street 

(feet) 

Control 

Per  '/ear 

30 

1000 

25 

,1.00 

.00 

Z- 

600 

.60 

1.00 

100 

300 

•30 

1.00 

30 

200 

150 

55 

.15 

1.00 
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Joets  are  conputod  an  the  assumption  that  control  will  bo  required  for  30  ninfrtes 
si  each  of  1£0  school  days  yearly  while  children  are  crossing  or  a  total  yearly 
joot  of  C30.00.     If  oontrol  io  required  four  tines  per  day  at  an  average  of  3& 
dilutes  and  v/ith  tiio  sane  volume  of  traffic,  the  cost  per  child  par  year  will  be 
."our  tinea  as  crcat  but  the  coat  per  unit  basard  will  not  >• 

AfffMRS 

H3HI0D  of  ccefotec  c  volume  pce  ?jo  i  nn:  [ 

KB.  l/ALET.     . 

\ssuqptione  IJased  on  Ckm vmt$imm 

1.  Average  opoed  of  children  walking  is  3.5  ft/sec. 

2,  -trocGlo  of  a  larno  croup  is  approximately  20  ft. 
3*    Zfedaua  average  tine  between  gaps  1 which  will  bo  tolerated  is  one 

sdnute* 

^nbols* 

V  -  Voluns  of  traffio  in  both  directions  (vehicles  per  hour) 
I  -  TUsrn  required  for  children  to  cross  street  or  length  of 

required  &ip  in  traffic,  (seconds) 
M-  Average  nunbor  of  vehioles  per  se^asnt  of  traffic  lasting 

T  seconds. 
C  -  Number  of  gaps  in  traffio  per  hour  which  caposd  ?  seconds 

in  lenct 
P  •  Probability  of  0  vehicles  sppeorinc  in  a  tognent  of  traffio. 
D  -  Width  of  street. 
e  •  2.710,  the  base  for  natural  logarithm. 

3ovxalopiaont  of  tbl  Formula 

The  tine  for  a  cliilri  to  saall:  across  the  street  is 

-3/3.5 

This  ic,  tluroforo,  the  minimi*  cap  which  nut  be  provided  on  the  averse* 
at  least  once  crvory  60  seconds. 

If  an  hour's  traffic  be  divided  into  seeaents  as  lone  as  this  required  cap 
of  T  seoonda,  tlM  number  of  such  equal  secants  in  an  i*our  will  be  3600/?  and  the 
averaco  nuober  of  vehicles  in  tliis  seuaent  will  be 

:.aV    *3600A 
s  V7/3600 

ftio  probability  of  any  se&aent  having  no  vehioles  in  it,  that  io,  the 
probability  ti»t  it    x>ulxi  be  available  for  children  to  cross  without  interference 
can  bo  computed  ftros  Poiosons  ^-aponential  Series,  uoinc  0  for  the  number  of  units 
in  the  atpasnt. 
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f*  a  O 


suw^n/3ta> 


The  probability  multiplied  by  200,  ^iveo  the  nuaber  or  chances  in  200,  or 
tho  porcentaco  of  chances,  that  an  T-ooccod  se&aeat  of  traffic  of  V  vehicles  per 
bcur  would  be  free  fron  any  veUiclee.    Or  ,  puttinc  it  another  way,  raultiply. 
tho  probability  by  the  raunbof  of  T-oecond  se{pento  per  hour  will  gig*  the  number 

ape  per  hour  of  T  or  rare  seconds  la  length.      *hus  the  nudbor  of  gape  per 
bour  la 

3600 

s  ft 


uubstitutins  toe  P^bhe  value  previously  established, 

3600 
-  2.71B  -VT/&00 


T 

if  the  nuobor  of  caps  oust  be  at  least  one  per  rtinute  or  60  'p&e  hour, 

3600 


m  -  VT/3600        .  (jo 

Tranapo©:         d  cancelling 

n  „-  VT/5600  T 

60 
Tttdnc  the  nature,  lo^arithcs  of  both  sides  of  the  equation 

— - VT/3600    «    loc  ©  T  — loco  60 
s    log  e  ? 4.094 

VT  «  3600  (4.0,     — *flB©  ?) 
3600  (4.094 — lacy  V) 
V  •  I 

Gubstitutinc  for  7  its  value  in  terms  of  street  width,  D/3.5 


3600  (4.094  —  it**    3/3.5 

i  ■  m  i   »  mi  ■  i .i  i  »  iniiiiw  in  mfi »  ii  ■ 

a    3.5  i  3600  (4.094  -*Loco  D  —  logo  3.5)) 
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REQUIREMENTS  FOR  TRAFFIC  CONTROL 
AT  SCHOOL  CROSSINGS 
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Traffic  volumes  which,  more  frequently  (him  nn  average  of  one  per  minute,   will   provide 
kh'pb   lone  enough   to  hIIi>w  wHlklntt  aonw*  tho  street  B.B   feet  per  second   without  Interference. 


FIRST:   That  applicant  is  the  owner  of  the  property  and  that  any  driveway 
or  approach  constructed  by  him  is  for  the  bona  fide  purpose  of  securing  access  to 
his  property  and  not  for  the  purpose  of  parking  or  servicing  vehicles  on  the 
highway  right-of-way, 

SECOND:  That  all  driveways,  approaches  or  other  improvements  on  the  right- 
of-way,  after  having  been  constructed,  shall  at  all  times  be  subject  to  inspection 
and  the  right  is  reserved  to  require  such  changes,  additions,  repairs  and  relocations 
to  be  made  as  may  at  any  time  be  considered  necessary  to  permit  the  relocation, 
reconstruction,  widening  and  maintaining  of  the  highway  and/or  to  provide  proper 
and  safe  protection  to  life  and  property  on  or  adjacent  to  the  highway;  that  the 
cost  of  making  such  changes,  additions,  repairs  and  relocations  shall  be  borne 
by  the  applicant. 

THIRD:  That  no  driveway,  approach  or  other  improvement  on  the  right-of-way 
as  an  exercise  of  this  permit  shall  be  relocated  or  its  dimensions  altered  without 
the  written  permission  of  the  State  Highway  Engineer. 

FOURTH:  That  the  applicant  agrees  to  hold  harmless  the  Montana  Highway 
Commission  and  its  duly  appointed  agents  and  employees  against  any  action  for  personal 
injury  or  property  damage  sustained  by  reason  of  the  exercise  of  this  permit. 

FIFTH:  The  location,  design,  and  construction  of  the  driveway  or  driveways 
described  above  shall  be  in  accordance  with  the  following  rules  and  regulations: 

(a)  The  frontage  of  any  parcel  or  property  adjacent  to  a  public 
highway  shall  be  considered  to  be  confined  between  lines 
drawn  from  the  intersection  of  the  property  lines  with  the 
right-of-way  lines  of  the  highway  to  the  roadway  surface  or 
to  the  curbing,  if  any,  and  perpendicular  to  the  axis  of  the 
highway;  or  if  the  axis  is  a  curve,  to  the  center  line  of  the 
curve;  or  a  combination  of  the  two.  Those  lines  shall  be  known 
as  boundaries. 

(b)  No  more  than  one  (l)  entrance  and  one  (l)  exit  shall  be  allowed 
any  parcel  of  property  the  frontage  of  which  is  less  than  two 
hundred  (200)  feet,  except  in  the  instance  of  commercial 
establishments  providing  parking  upon  the  premises^  "two  (2) 
combined  entrances  and  exits  not  exceeding  thirty  (30)  feet 

in  width  may  be  allowed.  Additional  entrances  or  exits  for 
parcels  of  property  having  a  frontage  in  excess  of  two  hundred 
(200)  feet  shall  be  permitted  only  after  showing  of  actual 
convenience  and  necessity.   When  frontage  is  fifty  (50)  feet 
or  less,  only  a  combined  entrance  and  exit  is  permitted  the 
width  of  which  shall  not  exceed  thirty  (30)  feet. 

(c)  The  width  of  any  entrance  shall  not  exceed  thirty  (30)  feet 
measured  along  the  axis  of  the  highway.  The  width  of  exits 
only  shall  not  be  over  fifteen  (15)  feet.   Area  between 
entrance  and  exit  shall  remain  unimproved  for  vehicular 

travel  or  parking.   This  area  shall  be  considered  as  restricted 
and  may  be  filled  only  as  hereinafter  provided  in  paragraph  (p). 

(d)  The  distance  between  the  inner  edges  of  entrance  and  exit  shall 
be  not  less  than  ten  feet  where  they  intersect  either  the  right- 
of-way  line  or  the  road  surface. 

(e)  The  grade  of  entrance  and  exit  shall  slope  away  from  the  road 
surface  at  a  rate  of  not  less  than  0.02  foot  per  foot  or  not 
more  than  0.08  foot  per  foot  for  a  distance  of  not  less  than 
ten  (10 )  feet;  measured  from  the  outer  edge  of  the  shoulder; 
provided  this  stipulation  does  not  apply  when  entrance  and 
exit  are  constructed  in  accordance  with  paragraph  (k). 
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(f)  No  entrance  or  exit  shall  be  so  constructed  that 
any  part  of  such  entrance  or  exit  shall  be  less 
than  ten  (10)  feet  from  the  boundaries,  as  defined 
above,  except  for  returns,  the  radius  of  which 
shall  not  exceed  fifty  (50)  feet.   In  urban  areas, 
or  where  there  is  a  curb  and  gutter,  the  distance 
from  the  boundary  may  be  five  (5)  feet. 

(g)  The  construction  of  parking  areas  on  the  highway 
right-of-way  is  specifically  prohibited.  Those 
places  of  business  requiring  parking  space  for 
their  customers  shall  provide  same  on  their  own 
premises. 

(h)  No  driveways  parallel  to  the  highway  shall  be  con- 
structed on  the  right-of-way  in  front  of  gasoline 
pumps  or  other  structure  requiring  an  outside  drive. 
Such  pumps  and  structures  are  to  be  located  a  minimum 
distance  of  ten  (10 )  feet  from  the  right-of-way  line 
in  order  that  the  outside  drive  shall  not  encroach  on 
the  right-of-way. 

(i)  Drainage  in  highway  side  ditches  shall  not  be  altered 

or  impeded  and  the  applicant  must  provide,  at  his  expense, 
suitable  and  approved  drainage  structures  at  entrances 
and  exits.  The  distance  between  adjacent  ends  of  pipe 
culverts  under  entrance  and  exit  shall  be  not  less  than  ten 
(10)  feet. 

(j)  When  curbing  or  curb  and  gutter  is  to  be  removed  the 
application  shall  be  accompanied  by  a  certified  check, 
the  amount  of  which  shall  be  equal  to  two  ($2.00)  dollars 
multiplied  by  the  number  of  linear  feet  of  curbing  or 
curb  and  gutter  to  be  removed.   This  guarantee  deposit 
will  be  returned  to  the  applicant  upon  satisfactory 
completion  of  the  work.  This  provision  shall  not  be 
exercised  when  the  improvement  is  located  within  the 
corporate  limits  of  a  municipality. 

(k)  When  curb  and  gutter  is .  removed  the  entrance  and  exit 
shall  be  constructed  of  concrete  and  the  curbing  along 
the  highway  shall  be  returned  into  the  entrance  and  exit 
on  a  radius  of  not  less  than  three  (3)  -feet  nor  more  than 
ten  (10)  feet.  The  grade  of  concrete  entrances  and  exits 
shall  conform  the  grade  of  sidewalks,  if  any, and  a  neat 
junction  between  the  apron  of  the  entrance  and  exit  and 
the  sidewalk  shall  be  made. 

(l)  All  entrances  and  exits  shall  be  so  located  that  vehicles 
approaching  or  using  them  will  be  able  to  obtain  adequate 
sight  distance  in  both  directions  along  the  highway  in 
order  to  maneuver  safely  and  without  interfering  with 
traffic. 

(m)  The  same  material  shall  be  used  for  driveways  that  is  used 
to  surface  the  roadway  unless  the  character  of  traffic 
or  adjacent  improvements  require  concrete. 
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(n)    No  entrance  or  exit  at  the  intersection  of  two  state 
highways  shall  be  within  the  area  between  lines  drawn 
perpendicular  to  the  center-line,  or  axis,  of  the 
highway  from  points  on  the  right-of-way  lines  a  distance 
of  25  feet  from  the  intersection  of  said  right-of-way 
lines;  provided  that  this  distance  may  be  reduced  at  the 
discretion  of  the  State  Highway  Engineer  to  15  feet  in  case 
of  a  highway  intersecting  a  street;   further  provided  that 
at  intersections  where  additional  right-of-way  has  been 
secured  for  the  highway  back  of  the  prolongation  of  the 
normal  right-of-way  lines  in  order  to  provide  for  the 
channelization  of  traffic,  or  more  adequate  sight  distance, 
ho  part  of  any  entrance  or  exit  shall  be  permitted  to 
encroach  on  such  additional  right-of-way.  The  areas  de- 
scribed above  shall  be  considered  as  restricted  areas  and 
may  be  filled  only  as  hereinafter  provided. 

(o)   No  entrance  or  exit  at  or  near  a  highway  intersection 
where  one  or  both  of  the  highways  has  a  medial  divider 
or  neutral  ground,  at  crossings  in  esplanade,  at  bridges 
or  other  points  of  special  hazard,  as  designated  by  the 
State  Highway  Engineer,  shall  be  so  located  that  any  part 
of  such  entrance  or  exit,  except  returns,  shall  be  within 
the  restricted  area. 

(p)   The  area  betwen  entrances  and  exits,  and  those  portions 
of  the  right-of-way  which  have  been  defined  hereinabove 
as  restricted  areas,  may  be  filled  in  only  when  the 
following  requirements  have  been  fully  complied  with. 

1.  That  surface  drainage  shall  be  provided  so  that 
all  surface  water  on  the  filled  in  areas  shall  be  carried 
away  from  the  highway  roadbed  in  a  suitable  manner. 

2.  That  the  drainage  opening  underneath  the  filled 

in  area  shall  be  adequate  to  carry  the  water  in  the  high- 
way side  ditches. 

3.  That  the  entrance  and/or  exit  shall  be  of  concrete 
with  six  (6)  inch  vertical  curbs  and  that  the  filled  in 
area  shall  be  separated  from  the  highway  by  a  curb  and 
gutter  of  not  less  than  two  (2)  feet  over-all  width  and 
having  a  six  (6)  inch  vertical  curb.  The  six  (6)  inch 
vertical  curbs  on  the  driveways  shall  be  returned  on  a 
radius  of  not  more  than  ten  (10)  feet  nor  less  than 
three  (3)  feet  to  the  line  of  the  existing  shoulders, 
where  shoulders  are  wide,  but  in  all  cases  to  a  line  not 
less  than  twenty  feet  from  the  center-line  of  the  highway. 
The  curb  and  gutter  separating  the  filled  in  area  from  the 
highway  shall  be  along  the  same  line.  Surface  water  shall 
be  carried  aqay  from  the  road  surface  by  a  suitable  and 
approved  means. 

4.  When  a  concrete  or  bituminous  surfaced  driveway  is 
to  be  constructed  in  connection  with  the  filling  in  of  a 
restricted  area  the  application  shall  be  accompanied  by  a 
guarantee  deposit  in  the  form  of  a  certified  check,  the 
amount  of  which  shall  be  equal  to  $2.00  multiplied  by  the 
number  of  square  yards  of  concrete  payment  or  bituminous 
surfacing  to  be  constructed  on  the  highway  right-of-way. 
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This  deposit  is  to  insure  the  completion  of  the  work 
authorized  by  the  granting  of  the  application  for 
permit  which  it  accompanies  and  will  be  returned  upon 
notice  from  the  distriot^engineer  that  the  work  has  been 
satisfactorily  completed?s,s^%^% A"tovli 

(q)  Data  relative  to  the  proposed  location,  relocation,  design 
and  construction  of  driveways  and  approaches  as  may  be 
required  by  the  State  Highway  Engineer  shall  be  furnished 
by  the  applicant  free  of  cost.  The  applicant  shall  make 
any  and  all  changes  or  additions  necessary  to  make  the 
proposed  driveways  or  approaches  satisfactory  to  the 
State  Highway  Engineer. 

(r)  A  guarantee  deposit  of  $10.00  in  the  form  of  a  certified 
check  shall  accompany  all  applications  for  permits. to 
construct  driveways  to  commercial  establishments.  This 
deposit  will  be  returned  upon  satisfactory  completion  of 
the  work  authorized.  The  deposit  required  by  this  paragraph 
shall  not  be  required  if  a  deposit  is  made  under  the 
provisions  of  paragraph  (p)  4» 


